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Description

This invention relates to electromechanical
cells. More particularly, it is concerned with a
battery of electrochemical cells arranged in
series.

It is frequently necessary for electrochemical
cells to be connected in series in order to provide
voltages higher than those produced by an indi-
vidual cell. For example, lithium/thionyl chloride
electrochemical cells normally discharge at 3.5
volts, and for many applications it is necessary to
employ these celis in applications having higher
voitage requirements.

Typically, each cell is packaged in an individual
case having exposed positive and negative ter-
minals. As is well understood, to provide a series
of cells the positive terminal of each cell is con-
nected to the negative terminal of the next cell in
the series. The individual celis of the series may
be packaged within a single case with appropriate
terminal connections to provide a unitary battery
structure. With batteries assembled in this
manner the overall weight and volume is adverse-
ly affected by the packaging required by each
individual cells plus the additional wiring, insula-
tion, and structure required to support the celis in
the form of a battery of unitary assembily.

A battery of electrochemical cells in accordance
with the present invention comprises a plurality
of similar housing sections of conductive material
arranged in series as set out in claim 1. Thus, each
housing section is electrically insulated from the
adjacent housing sections. Each two adjacent
housing sections form an enclosed chamber be-
tween them. Each chamber contains an electro-
chemical system comprising an anode electrode
member, a cathode electrode member, an electro-
lytic solution in contact with the anode electrode
member and the cathode electrode member. The
anode electrode member is in electrical contact
with the housing section of one of the housing
sections forming the chamber, and the cathode
electrode member is in electrical contact with the
housing section of the other housing section
forming the chamber. The electrochemical cells
provided by the electrochemical systems within
each chamber form a battery of electrochemical
cells arranged in series with each housing section
serving as the positive terminal for the electro-
chemical system within one chamber and the
negative terminal for the electrochemical system
within an adjacent chamber.

The single figure of the drawing illustrates an
electrochemical battery in accordance with the
present invention in a cross-sectioned elevational
view,

For a better understanding of the present inven-
tion, together with other and further objects,
advantages, and capabilities thereof, reference is
made to the following discussion and appended
claims in connection with the above-described
drawing.

The single figure of the drawing illustrates a
battery of electrochemical cells arranged in
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series. The battery is generally cylindrical in
shape and is fabricated from several identical
housing sections 10a—10d and a modified hous-
ing section 15. The housing sections are of a suit-
able metal, for example stainless steel or nickel.
Each of the identical housing sections 10a—10d
includes a flat planar disc 11 having a central
opening 12 with a first hollow cylindrical or
tubular member 13 affixed to the disc at the edge
of the central opening 12. The first cylindrical
member 13 extends in one direction (upward as
shown in the figure) normal to the plane of the
disc 11. Each identical housing section 10a—10d
also includes a second hollow cylindrical member
16 affixed to the disc 11 at its outer edge. The
second cylindrical member 16 extends in the
opposite direction (downward as.shown in the
figure) normal to the plane of the disc 11.

As can be seen from the figure the housing
sections are stacked in a series arrangement. The
housing sections are electrically insulated from
each other. A first ring of insulating material 20 is
disposed between the edge surface at the end of
each first cylindrical member 13, except the one
that is uppermost, and the disc 11 of the housing
section above it at the periphery of the central
opening 12 in the disc 11. A second ring of
insulating material 21 is disposed between the
edge surface at the end of the second cylindrical
member 16 of each identical housing section
10a—10d and the disc 11 of the housing section
below it at the other edge of the disc 11. The rings
of insulating material 20 and 21 seal the housing
sections together with each two adjacent housing
sections forming an enclosed chamber 25 of
annular configuration between them.

The lowermost housing section 15 is a modified
section. It includes a fiat, planar disc 11 and a first
cylindrical member 13 of small diameter similar
to the other housing sections 10a—10d. It does
not include a second cylindrical member of large
diameter. Rings of insulating material 20 and 21
seal the modified housing section 15 to the
adjacent housing section 10d to form the lower-
most chamber between them.

Within each chamber 25 formed by two adja-
cent housing sections is an electrochemical
system of an electrochemical cell. The individual
electrochemical cells may be lithium/fluid oxy-
halide electrochemical celis of well known type.
Although any of various known arrangements of
stacks of electrochemical cell elements may be
employed in each chamber, preferably the stack is
an arrangement as disclosed in Patent No.
4,284,691 entitled “Electrochemical Cell” which
issued on August 18, 1981, to Franz Goebel and
William T. McHugh.

The electrochemical system within each
chamber 25 includes a set of substantially flat,
planar, generally circular anode electrode mem-
bers 26 and a set of substantially flat, planar,
generally circular cathode electrode members 27.
The anode electrode members 26 and the cathode
electrode members 27 are arranged in alternation
and are separated from each other and the discs
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11 of the housing sections by intervening
separators 28 of insulating material. The anode
electrode members 26 have a central opening of a
diameter smaller than the outer diameter of the
first cylindrical members 13 and an outer dia-
meter smalier than the inner diameter of the
second cylindrical members 16. The cathode elec-
trode members 27 have a central opening of a
diameter larger than the outer diameter of the
first cylindrical members 13 and an outer dia-
meter larger than the inner diameter of the
second cylindrical members 16. Thus, within each
chamber 25 the anode electrode members 26
make direct physical and electrical contact with
the first cylindrical member 13 of the lower of the
two housing sections forming the chamber, and
are spaced from the second cylindrical member
16 of the upper of the two housing sections
forming the chamber. The cathode electrode
members 27 makes direct physical and electrical
contact with the second cylindrical member 16 of
the upper of the two housing sections forming the
chamber, and are spaced from the first cylindrical
member 13 of the lower of the two housing
sections forming the chamber. With this arrange-
ment the lower housing section of each chamber
becomes the negative terminal of the cell and the
upper housing section becomes the positive ter-
minal of the cell.

The anode electrode members 26 include an
oxidizable active material, specifically lithium.
The cathode electrode members 27 contain por-
ous carbon conglomerate material and serve as
cathode current collectors. To complete the
electrochemical system each chamber 25 con-
tains an electrolytic solution of a reducible liquid
cathode material, specifically thionyl chioride,
and an electrolyte solute, specifically lithium
tetrachloroaluminate, dissolved therein.

In order to complete the battery structure the
uppermost and/or the lowermost housing sec-
tions may be modified from the identical housing
sections. As illustrated in the figure, the upper-
most housing section 10a is the same as the
housing sections 10b—10d. No ring of insulating
material is needed at the edge surface of the
smaller cylindrical member 13, however, and a
disc 40 of conductive material may be employed
to close the top of the cylinder. As described pre-
viously the lowermaost housing section 15 does
not include a larger cylindrical member. A disc 41
of conductive material may be placed across the
central opening 12 in the disc 11 to close the
lower end of the small cylindrical member 13.
Alternative arrangements may be employed for
the uppermost and lowermost housing sections
as required for a particular application. Also as
illustrated in the figure the smaller cylindrical
members 13 form a series of central openings
within their walls. If desired the cylindrical mem-
bers 13 may be solid, or the series of central
openings may be filled as with a plastic potting
material. In any event each of the housing sec-
tions must be electrically insuiated from the
others.
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As illustrated in the figure the battery may be
enclosed in a protective case 50 as of a suitabie
plastic potting material. The battery illustrated
contains four electrochemical cells arranged in
series. Since a housing section serves as the
negative terminal for the electrochemical cell in
the chamber for which it is the lower housing
section and serves as the positive terminal for the
electrochemical cell in the chamber for which it is
the upper housing section, the lowermost hous-
ing section 15 becomes the negative terminal of
the battery and the uppermost housing section
10a becomes the positive terminal of the battery.

Batteries in accordance with the present inven-
tion employ several identical housing sections
which need be modified only at the upper and/or
lower ends of the battery. Thus a battery con-
taining a greater number of cells requires a
greater number of identical housing sections but
not a greater number of specialized parts. The
battery requires no additional interconnections or
jumpers between terminals of individual cells to
connect the cells in electrical series. Thus the IR
drops caused by such interconnections are elimi-
nated. The battery is relatively compact since no
additional structural components for supporting
and packaging individual cells as a unitary battery
nor insulation for providing protection between
individual cells are required. Thus, the electro-
chemical energy of the battery per unit of weight
and per unit of volume is high.

While there has been shown and described
what is considered a preferred embodiment of the
present invention, it will be obvious to those
skilled in the art that various changes and modi-
fications may be made therein without departing
from the invention as defined by the appended
claims.

Claims

1. A battery of electrochemical cells comprising
a plurality of similar housing sections of conduc-
tive material arranged in series;

each housing section including

a flat, planar disc of conductive material having
a central opening,

a first cylindrical member of conductive
material contiguous the edge of the disc at the
central opening, extending in one direction nor-
mal to the plane of the disc, and having an edge
surface at the end thereof spaced from the disc,

a second cylindrical member of conductive
material contiguous the outer edge of the disc,
extending in the opposite direction normal to the
plane of the disc, and having an edge surface at
the end thereof spaced from the disc,

a first member of insulating material con-
tiguous said edge surface at the end of each of
said first cylindrical members,

a second member of insulating material con-
tiguous said edge surface at the end of each of
said second cylindrical members;

said first member of insulating material con-
tiguous the edge surface at the end of the first
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cylindrical member of each housing section ex-
cept the first housing section in the series being
contiguous the disc of the preceding housing
section in the series adjacent to said central
opening;

said second member of insulating material
contiguous the edge surface at the end of the
second cylindrical member of each housing sec-
tion except the last housing section in the series
being contiguous the disc of the succeeding
housing section in the series adjacent to the
outer edge;

each two adjacent housing sections in the
series forming an enclosed chamber between
them;

each chamber containing an electrochemical
system comprising

an anode electrode member,

a cathode electrode member,

an electrolytic solution in contact with the
anode electrode member and the cathode elec-
trode member,

the anode electrode member being in elec-
trical contact with one of said first and second
cylindrical members of one of the housing sec-
tions forming the chamber, and

the cathode electrode member being in elec-
tricai contact with the other of said first and
second cylindrical members of the other hous-
ing section forming the chamber

whereby the electrochemical cells provided by
the electrochemical systems within each
chamber form a battery of electrochemical cells
arranged in series with each housing section
serving as the positive terminal for the electro-
chemical system within one chamber and as the
negative terminal for the electrochemical system
within an adjacent chamber.

2. A battery of electrochemical cells in accord-
ance with claim 1 wherein each of said electro-
chemical systems within a chamber comprises

a set of substantially flat, planar generally
circular anode electrode members;

a set of substantially flat, planar generally
circular cathode electrode members;

said anode electrode members and said
cathode electrode members being arranged in
alternation and separated by separators of in-
sulating material;

the electrode members of one set having a
central opening of a diameter greater than the
outer diameter of the first cylindrical member of
a housing section and having an outer diameter
greater than the inner diameter of the second
cylindrical member of a housing section where-
by the electrode members of the set make elec-
trical contact to the second cylindrical member
and are electrically isolated from the first cylin-
drical member of the housing sections forming
the chamber; and

the electrical members of the other set having
a central opening of a diameter less than the
outer diameter of the first cylindrical member of
a housing section and having an outer diameter
less than the inner diameter of the second
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cylindrical member of a housing section where-
by the electrode members of the set make elec-
trical contact to the first cylindrical member and
are electrically isolated from the second cylin-
drical member of the housing sections forming
the chamber,

3. A battery of electrochemical cells in accord-
ance with claim 2 wherein

each anode electrode member includes an ox-
idizable active material;

each cathode electrode member includes por-
ous conductive material; and

said electrolytic solution comprises a reduc-
ible liquid cathode material and an electrolyte
solute dissolved therein.

4. A battery of electrochemical cells in accord-
ance with claim 3 wherein

the oxidizable active material includes lithium;
and said reducible liquid cathode material in-
cludes a fluid oxyhalide.

Patentanspriiche

1. Batterie aus elektrochemischen Zellen, ent-
haltend mehrere gleiche Geh&useabschnitte aus
leitfahigem Material, die in Serie angeordnet
sind;

wobei jeder Gehauseabschnitt enthéalt:

eine flache, ebene Scheibe aus leitfahigem
Material, die eine Mittendffnung aufweist,

ein erstes zylindrisches Element aus leit-
fahigem Material, das in den Rand der Scheibe
an der Mittendffnung Ubergeht, sich in einer
Richtung senkrecht zur Ebene der Scheibe er-
streckt und eine Stirnfldche an seinem Ende auf-
weist, die von der Scheibe Abstand hat,

ein zweites zylindrisches Element aus leit-
fahigem Material, das in den auf’eren Rand der
Scheibe Ubergeht, sich in entgegengesetzter
Richtung senkrecht zur Ebene der Scheibe er-
streckt und eine Stirnflaiche am Ende desselben
aufweist, die von der Scheibe Abstand hat,

ein erstes Element aus isolierendem Material,
das an die Stirnfliche am Ende eines jeden der
ersten zylindrischen Elemente anstof3t,

ein zweites Element aus isolierendem Mate-
rial, das an die Stirnfléche am Ende eines jeden
der zweiten zylindrischen Elemente anst6i3t;

wobei das erste Element aus isolierendem
Material, das an die Stirnflaiche am Ende des
ersten zylindrischen Elements eines jeden
Gehauseabschnitts mit Ausnahme des ersten
Gehduseabschnitts in der Serie anstOBt, an die
Scheibe des vorangehenden Geh&useabschnitts
in der Serie benachbart der Mittendffnung an-
stofdt;

wobei das zweite Element aus isolierendem
Material, das an die Stirnflaiche am Ende des
zweiten zylindrischen Elements eines jeden
Gehauseabschnitts mit Ausnahme des letzten
Gehduseabschnitts in der Serie anst6f3t, an die
Scheibe des nachfolgenden Geh3useabschnitts
in der Serie benachbart dem &ufieren Rand an-
stofdt;

wobei jeweils zwei benachbarte Gehé&use-
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abschnitte in der Serie eine geschlossene Kam-
mer zwischen sich ausbilden;

wobei eine jede Kammer ein elektrochemisches
System enthalt, bestehend aus:

einem Anodenelektrodenelement,

einem Kathodenelektrodenelement,

einer elekirolytischen Lésung in Bertihrung mit
dem Anodenelektrodenelement und dem
Kathodenelektrodenelement,

wobei das Anodeneleketrodenelement in elek-
trischer Berlihrung mit einem der ersten und
zweiten zylindrischen Elemente von einem der
Gehduseabschnitte ist, die die Kammer bilden,
und

das Kathodenelektrodenelement in elektrischer
Berlhrung mit dem anderen der ersten und zwei-
ten zylindrischen Elemente des &uferen
Gehéauseabschnitts ist, der die Kammer bildet,

wodurch die elektrochemischen Zellen, die
durch die elektrochemischen Systeme innerhalb
einer jeden Kammer gebildet werden, eine Batte-
rie aus _elektrochemischen Zellen bilden, die in
Serie angeordnet sind, wobei jeder Gehause-
abschnitt als der positive Anschlu® fiir das
elektrochemische System innerhalb einer Kam-
mer und als der negative AnschluR fiir das
elektrochemische  System innerhalb einer
benachbarten Kammer dient.

2. Batterie aus elektrochemischen Zellen nach
Anspruch 1, bei der jedes der elektrochemischen
Systeme innerhalb einer Kammer enthalt:

einen Satz aus im wesentlichen flachen,
ebenen, im wesentlichen kreisférmigen Anoden-
elektrodenelementen;

einen Satz aus im wesentlichen ebenen,
flachen, im  wesentlichen kreisformigen
Kathodenelektrodenelementen;

wobei die Anodenelektrodenelemente und die
Kathodenelektrodenelemente abwechseind und
durch Abstandshalter aus isolierendem Material
voneinander getrennt angeordnet sind;

wobei die Elektrodenelemente des einen Satzes
eine Mittendffnung eines Durchmessers auf-
weisen, der grofer als der AuRRendurchmesser
des ersten zylindrischen Elements eines Gehéuse-
abschnitts ist, und einen Auendurchmesser auf-
weisen, der grdfier als der Innendurchmesser des
zweiten zylindrischen Elements eines Gehéause-
abschnitts ist, wodurch die Elektrodenelemente
des Satzes elektrische Berlihrung zu dem zweiten
zylindrischen Element herstellen und elektrisch
von dem ersten zylindrischen Element der
Gehauseabschnitte isoliert sind, die die Kammer
bilden; und

wobei die Elekirodenelemente des anderen Sat-
zes eine Mittendffnung eines Durchmessers auf-
weisen, der kleiner als der AuRendurchmesser
des ersten zylindrischen Elements eines Geh3use-
abschnitts ist, und einen AuRendurchmesser auf-
weisen, der kleiner als der Innendurchmesser des
zweiten zylindrischen Elements eines Gehduse-
abschnitts ist, wodurch die Elektrodenelemente
des Satzes elektrische Bertihrung zu dem ersten
zylindrischen Element herstellen und elektrisch
von dem zweiten zylindrischen Element der
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Gehauseabschnitte, die die Kammer bilden, iso-
liert sind.

3. Batterie aus elektrochemischen Zellen nach
Anspruch 2, bei der

jedes Anodenelektrodenelement ein oxydier-
bares aktives Material enthalt;

eine jedes Kathodenelekirodenelement ein po-
roses leitfahiges Material enthalt; und

die elektrolytische Lésung ein reduzierbares
flissiges Kathodenmaterial und einen elektro-
lytischen geldsten Stoff enthélt, der darin auf-
geldst ist.

4. Batterie aus elektrochemischen Zellen nach
Anspruch 3, bei der

das oxydierbare aktive Material Lithium ist; und
das reduzierbare flissige Kathodenmaterial ein
Oxyhalogenid ist.

Revendications

1. Batterie de cellules électrochimiques com-
prenant une pluralité de logements identiques en
matériau conducteur disposés en série, chaque
logement comprenant:

un disque plat et plan en un matériau conduc-
teur présentant une ouverture centrale,

un premier élément cylindrique en matériau
conducteur contigu au bord du disque en son
ouverture centrale, faisant saillie dans une direc-
tion normale au plan du disque, et présentant une
surface latérale a son extrémité opposée au
disque,

un second élément cylindrique en matériau
conducteur contigu au bord extérieur du disque,
faisant saillie dans la direction opposée normale
au plan du disque, et présentant une surface
latérale a son extrémité opposée au disque,

un premier élément en matériau isolant contigu
a la dite surface latérale a 'extrémité de chacun
des dits premiers éléments cylindriques,

un second élément en matériau isolant contigu
a la dite surface latérale a I'extrémité de chacun
des dits deuxiémes éléments cylindrigues,

le dit premier élément en matériau isolant
contigu a la surface latérale a l'extrémité du
premier élément cylindrique de chaque logement,
excepté le premier de la série, étant contigu au
disque du logement précédent de la série a
proximité immédiate de la dite ouverture cen-
traie;

le dit second éiément en matériau isolant conti-
gu a la surface latérale de I'extrémité du second
élément cylindrique de chaque logement, excepté
le dernier de la série, étant contigu au disque du
logement suivant de la série & proximité immé-
diate du bord extérieur;

deux logements successifs de la série détermi-
nant entre eux une chambre fermée, chaque
chambre contenant un ensemble électrochimigue
comprenant un élément anodique, un éiément
cathodique et une solution électrolytique en
contact avec I'élément anodique et I'élément ca-
thodique, I'élément anodique étant en contact
électrique avec I'un des dits premier et second
éléments cylindriques de l'un des logements
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constituant la chambre, I'élément cathodique
étant en contact électrique avec |'autre des dits
premier et second éléments cylindriques de |'au-
tre logement constituant la chambre, de telle
maniére que les cellules électrochimiques déter-
minées par les ensembles électrochimiques a
l'intérieur de chaque chambre constituent une
batterie de cellules électrochimiques disposées
en série avec chaque logement servant de borne
positive pour 'ensemble électrochimique a l'inté-
rieur d'une chambre et de borne négative pour
I'ensemble électrochimique a l'intérieur de la
chambre adjacente.

2. Batterie de celiules électrochimiques selon la
revendication 1 caractérisée en ce que chaque
ensemble électrochimique a lintérieur d'une
chambre comprend:

un ensemble d'éléments anodiques sub-
stantiellement plats, plans et de forme générale
circulaire;

un ensemble d'éléments  cathodiques
substantiellement plats, plans et de forme géné-
rale circulaire;

les dits éléments anodiques et les dits élément
cathodiques étant disposés an alternance et sé-
parés par des séparateurs en matériau isolant;

les éléments d'un ensemblie présentant une
ouverture centrale d’'un diameétre supérieur au
diamétre extérieur du premier élément cylin-
drique d'un logement et un diamétre extérieur
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904 10

supérieur au diamétre intérieur du second élé-
ment cylindrique d'un logement, de maniére a ce
gue les éléments de I'ensemble soient en contact
électrique avec le second élément cylindrique et
électriquement isolés du premier élément cylin-
drique des logements constituant la chambre; et

les éléments de l'autre ensemble présentant
une ouverture centrale de diamétre inférieur au
diametre du premier élément cylindrique d'un
logement et un diamétre extérieur inférieur au
diamétre intérieur du second élément cylindrique
d'un logement, de maniére a ce que les éléments
de I'ensemble soient en contact électrique avec le
premier élément cylindrique et électriquement
isolé du second élément cylindrique des loge-
ments constituant la chambre.

3. Batterie de cellules électrochimiques selon la
revendication 2 caractérisée en ce que:

chaque élément anodique comprend un maté-
riau actif oxydable,

chaque élément cathodique comprend un ma-
tériau conducteur poreux, et

la dite solution électrolytique comprend un
matériau cathodique liquide réductible et un so-
luté électrolytique dissous.

4. Batterie de cellules électrochimiques selon la
revendications 3 caractérisée en ce que le maté-
riau actif oxydable inclut du lithium et le matériau
cathodique liquide réductible un oxyhalogénure
fluide.
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